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Abstract 


In  section  1 of  the  following  report  is  a description  of  the  mechan- 
ical details  of  the  Amherst  Colloge  photoelectric  photometer e In  section  2 
is  a description  of  the  measuring  system  which  permits  determining  photocur- 
rants oithor  with  a aoro  off  eat  method  or  with  the  conventional  measurement 
of  voltage  drop  across  a large  input  resiBtar.  Section  3 includes  a discus- 
sion of  tho  design  details  of  various  power  supplies  and  associated  electronic 
apparatus.  In  section  4 is  a discussion  of  the  design  of  the  D.C.  amplifier 
used  in  the  measuring  system,, 

Tho  general  oharaoteristies  of  the  D.C.  amplifier  are  as  follows! 

1.  Grid  current 1CT^  amperes. 

2.  Input  resistance  — - adjustable  in  eleven  steps  from  0 to  1600 

megohms. 

3.  Voltage  gain  — 0,783. 

4.  Output  impedance  — — 15.3  ohms  for  a load  resistance  of  100  ohms. 

5 a Linearity  — - better  than  0.1/So 

6.  Drift  (after  warm-up) 0.1  millivolt  per  hour. 


FROM  LOW  CONTRAST  COPY 


THIS  REPORT  HAS  BEEN  DELIMITED 
AND  CLEARED  FOR  PUBLIC  RELEASE 
UNDER  DOD  DIRECTIVE  5200,20  AND 

NO  RESTRICTIONS  ARE  IMPOSED  UPON 
ITS  USE  AND  DISCLOSURE, 

DISTRIBUTION  STATEMENT  A 

APPROVED  FOR  PUBLIC  RELEASE; 
DISTRIBUTION  UNLIMITED, 


- JL  - 


, X.  Mechanical  Details  of  Photometer 

This  report  doscribes  the  photoelectric  photometer  constructed  at  Arsheret 
College  Observatory  under  contract  N8onr  - 66904.  The  photometer  was  designed  and 
constructed  to  be  used  with  the  18-inch  Clark  refractor  wt  Amherst  Collage-  Tho 
telescope  itself  is  a visual  refractor  with  a focal  length  of  277  inches  operating 
_at  f/L5.4. 

Figure  1 is  a photograph  of  the  photometer  proper.  The  photometer  h no 
the  following  sub-assemblies : a brass  pipe,  machined  to  fit  the  end  of  the  telescope, 
which  slides  in  and  out  along  the  telescope  avis  in  order  to  effect  focus  ring.  This 
brass  tube  carries  an  engraved  scale  on  it  to  pernio  resotting  a give,:  focus.  Its 
position  i3  controlled  by  a rack  and  pinion.  The  main  body  of  tho  photometer  is 
captured  on  the  brass  pipe  by  a flange  end  retaining  ring.  The  ph otone tor  may  be 
• rotated  with  respect  to  the  pipe  permitting  rotting  the  eye- piece  in  any  convenient 
orientation.  A box  carrying  color  filters  may  be  slid  transvevsoly  through  tho 
photometer  housing  and  stopped  with  any  one  of  throo  color  filters  located  in 
* the  converging  cone  of  light.  A spring- loadGd  ball  and  detent  mechanism  indicates 
wrl-en  the  location  of  a given  color  filter  is  proper. 

The  arrangements  for  guiding  and  finding  are  indicated  in  figure  2,  A 
relatively  large,  optically  flat  front  surface  mirror  may  deflect  the  converging 
cone  of  light  to  a focu3  in  front  of  a low- power  eye-pi eco.  This  ey a- piece  gives  a 
fairly  large  field  of  view  end  utilises  the  ..hole  aperture  of  the  telescope, 
thereby  facilitating  the  selection  of  the  given  star  desired.  Cnee  the  d cr  i.rcd 
3 tar  has  been  found,  tbs  telescope  is  moved  tc-  bring  the  star  to  tho  eerier  of 
the  fisld  of  view.  The  diagonal  nurror  is  then  slid  back  out  of  the  converging 
cone  of  light.  The  light  continues  through  any  color  filter  that  may  be  in  vr'ition 
on  to  a .smaller  diagonal  mirror  at  the  lower  end  of  the  optical  column.  This 
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diagonal  mirror  deflects  the  converging  cone  of  light  to  a focu3  in  front  of  lens  A, 
set  in  a small  brass  tube.  This  lens  receives  the  rays  dive  gin g from  a focus  and- 
collimates  them.  The  rays  continue  through  a tl  in  unsilvered  microscope  never  glass, 
through  a second  lens  and  thence  to  a focus  in  front  of  a high  power  guiding  eye- 
piece. A short  distance  above  the  diagonal,  surface  of  the  microscope  cover  glass  in 
a reticle,  consisting  of  a circular  disk  of  glass  coated  with  s.  metal  film  in  which 
has  been  engraved  a very  small  circle.  Light  frorr.  a n Grain  of  Wheat"  lamp  above  the 
reticle  passes  through  this  engraved  circle.  The  reticle  is  at  the  focus  of  lens  C. 

The  light  from  the  reticle  therefore  is  col lira tel  by  the  lens  and  passes  down  through 
the  diagonal  microscopo  cover  glass.  A portion  of  the  light  reflects  .ft  or  t:U  cover  glass, 
passing  through  lens  B to  a common  focus  with  the  light  from,  the  c tar.  tire  telescope 

is  set  properly  the  star  appears  as  nearly  a point  of  light  at  the  center  of  a bright 
circle.  The  position  of  the  reticle  in  the  fce?l  plane  cr  lens  C may  he  adjusted  iw 
controlling  screws.  Once  the  telescope  has  boon  oriented  properly  the  second  diagonal 
mirror  is  removed  and  the  light  continues  to  a focus. 

At  the  lower  end  of  the  optica],  column  is  a movable  slide  carrying  a number 
of  small  diaphragms  of  various  sizes.  Any  one  of  these  diapliragr-s  may  be  vet  on  the 
axis  of  the  photometer  with  the  aid  of  a spring-loaded  plunger  and  detent  r-.vehaniem. 

If  the  telescope  and  photometer  have  been  adjusted  properly  the  star  imge  vill 
appear  in  focus  at  the  center  of  the  selected  diaphragm.  The  longitudinal  position 
of  the  photometer  is  determined  by  finding  tho  focus  of  the  telescope  cdth  the  aid 
of  a knife  edge  test.  The  reading  on  the  engraved  scale  cn  the  brass  pipe  Is  thou 
read  and  recorded.  This  setting  naturally  will  vary  with  different  color  filters. 

Tho  adjusting  screws  controlling  the  position  of  th9  reticle  above  lens  G are 
adjusted  so  that  when  the  star  image  appears  in  the  center  of  the  ring  of  light 
from  the  reticle,  the  nt»r  image  will  also  appear  at  the  center  of  the  foe?''  plane 
diaphragm  when  the  diagonal  mirror  is  slid  out  of  tho  converging  cone  of  light.  The 
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function  cf  the  diaphragm  is  to  remove  background  light  from  the  sky  permitting  only 
the  light  from  the  selected  star  to  pass  through  to  tho  phototube  along  with  a very 
small  amount  of  background  sky’’  illumination.  The  light  which  passes  through  the  diaphragm 
•goes  through  a field  lens  and  thence  to  the  sensitive  surface  of  the  phototube . The 
function  of  the  field  Ions  in  to  ' mate  the  telescope  objective  on  the  photocathodc. 

This  arrangement  prevents  motion  of  tho  imago  on  the  r.hotocnt’>ode  even  though  tho 
image  in  the  focal  plane  of  the  telescope  may  move  about  slightly  clue  to  atmospheric 
tremor . 

Figure  3 is  a photograph  of  the  housing  containing  the  phototube  arid  sn'c- 
miniature  amplifier.  This  housing  is  a double- walled  container  so  arranged  that  the 
phototube  nay  be  refrigerated  with  dry  ice.  The  space  between  the  inner  and  outer 
walls  of  the  container  is  filled  v?ith  Santocel  insulation.  The  dry  ice  Guppl;  need 
b»  replenished  only  once  during  the  course  of  a night's  observing.  Tho  light  entering 
the  phototube  housing  passes  through  a small  piece  of  cell c phene . This  material  dc-co 
, not  fog  easily  even  at  dry  ice  temperatures  and  it  baa  not  boon  necessary  to  provide 
any  heating  coil  to  prevent  fogging  of  the  entrance  window.  Figure  4 is  a photograph 
* of  the  sub  miniature  amplifier  which  fits  into  the  phototube  housing.  The  signal  lead 
passing  from  the  phototube  a nod o to  the  amplifier  input  goes  through  the  inner  wall  of 
the  phototube  housing,  through  tho  Santocel  insulation  and  then  through  an  insulated 
header  in  a brass  plate  at  the  bottom  of  the  amplifier  roll.  Depending  cn  the  sensitivity 
setting  of  the  amplifier  nhe  resistance  from  this  lead  to  ground  may  be  as  great  as 
one  thousand  megohms.  The  c\irrent  carried  by  the  lead  will  rarely  be  as  great  as  one 
microampere.  The  arrangement  of  having  the  signal  load  entirely  enclosed  inside  the 
phototube  housing  has  the  great  advantage  of  avoiding  leakage  troubles  duo  to  at- 
mospheric moisture.  Leakage  troubles  have  been  fairly  serious  at  some  observatories 
because  the  photometer  must  operate  at  temperature  and  humidity  conditions  which  are 
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the  same  as  those  outside  the  observatory  building.  The  florae  which  contain  telescopes 
may  never  be  heated  became  of  the  disastrous  effects  such  heating  trould  have  on 
tho  steadiness  of  the  star  image  produced  in  the  telescope. 

II.  Measuring  System 

In  figure  5 Is  a block  diagram  of  the  ra. erring  rryrbom.  The  dark  slide 
ie  actually  the  tube  carrying  the  second  diagonal  t-drror  in  the  photo motor  optical 
column.  This  dark  slide  operates  two  nieroswi tehee.  One  wicroevfitch  turns  on  th 3 
"Grain  of  Wheat"  lamp  for  guiding  purposes  when  the  dark  slide  is  pushed  in.  The 
second  microswitch  is  the  one  indicated  in  the  block  diagram  and  operates  v. hen  the 
dark  slid©  ie  retracted.  On  withdrawing  the  dark  slido  light  falls  on  the  phototube 
and  produces  a photocurrent  which,  flouring  through  resistor  R,  prodrome  a signal 
voltage.  In  series  with  this  voltage  is  the  internal  voltage  of  tho  or  ' '-'.-in 
potentiometer.  The  polarity  is  such  that  the  voltage  produced  across  resistor  R 
is  opposed  by  the  internal  voltage  of  the  potentiometer.  The  D.C.  amplifier  con- 
sequently sees  as  an  input  signal  the  difference  between  these  two  voltages.  With 
no  light  falling  on  the  phototube  the  microswi tch  actuated  by  the  dark  slide  connects 
the  resistor  R directly  across  the  input  to  the  D.C.  amplifier.  It  is'  possible  to 
set  the  switch- in  potentiometer  voltage  to  zero  and  in  this  location  the  entire 
measuring  circuit  behaves  in  a Banner  similar  to  the  ordinary  photoelectric  photom- 
eter. With  a voltage  set  in  the  switch- in  potentiometer  the  behavior  of  the  measuring 
circuit  is  modified  in  the  following  manner.  With  tho  dark  elide  in  position  so  that 
no  light  falls  on  the  phot  Lube  the  D.C.  amplifier  has  an  input  signal  which  depends 
upon  the  dark  current  of  the  phototube.  The  zero  control  of  the  D.C.  amplifier 
permits  adjusting  the  position  of  the  Brown  recorder  pen  at  perhaps  10%of  full 
scale  deflection.  On  retracting  the  dark  slide  the  light  falling  cr.  the  phototube 
produces  a signal  voltage  across  the  resistor  Rj  however  the  microewiteh  connected 
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to  the  dark  blide  sinmltaneously  trnasfers  th«  lower  input  tc-minal  of  the  D.C.  ampli- 
fier from  one  side  of  the  switch- in  potentiometer  to  the  other  side  in  sue}-.  a ray 
that  the  new  input  voltage  seen  by  the  D.C.  amplifier  Is  the  difference  between  the 
new  voltage  across  resistor  R and  the  voltage  previously  set  in  the  switch- in  po- 
tentiometer. If  this  voltage  in  the  switch-in  potentiometer  is  exactly  equal  to  the 
-product  of  the  change  in  current  through  resistor  R and  its  renistemeo,  the  pen  of 
the  Brown  recorder  remains  in  its  original  position.  The  action  of  the  nsicrcswitch 
and  switch- in  potentiometer  therefore  is  essentially  a means  of  displacing  the  aero 
of  the  recorder  by  a known  amount  at  the  3Qiae  time  that  the  light  falling  on  the 
phototube  produces  a signal  at  the  input  of  the  D.C.  amplifier.  The  Brown  recorder 
has  a sensitivity  such  that  ten  millivolts  input  signal  produces  full  scale  doflt  tion. 
The  switch- in  potentiometer  has  two  decades,  one  decade  giving  a Lops  of  one  millivolt 
and  the  ether  decade  giving  steps  of  ten  millivolts.  Ideally  the  D.C.  amplifier  should 
have  a voltage  gain  of  exactly  one.  If  this  in  so,  each  successive  step  of  the  first 
switch- in  potentiometer  decade  displaces  the  recorder  zero  by  ten  percent  of  full 
scale  while  each  step  of  the  second  decade  displaces  tho  recorder  zero  by  one  full 
__  scale  width.  The  advantage  of  this  arrangement  is  the  following:  in  photometry  of 
stars  the  precision  ideally  should  be  limited  by  the  stollnr  scintillation  produced 
by  fluctuations  in  transmission  through  the  earth’s  atmosphere,  however  on  sono 
exceptionally  good  nights  the  error  in  a given  observation  is  determined  more  by 
the  width  of  the  recorder  pen  line  than  by  the  atmospheric  scintillations.  Tvith 
the  type-  of  observations  described  above  it  is  possible  to  set  the  sensitivity  of 
the  D.C.  amplifier  such  that  without  the  switch- in  potentiometer  the  signal  produced 
would  give  much  greater  than  full  scale  deflection  on  the  Brown  recorder.  The 
presence  of  the  switch- in  potentiometer  displaces  the  recorder  zero  by  a Imcvn 
amount  so  that  the  top  end  of  the  pen  line  remains  on  scale.  This  permits  amplifi- 
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line  by  a factor  of  approximately  ten.  Figure  6 gives  a general  view  of  the  chassis 
containing  the  switca-in  potentiometer , the  regulating  circuit  for  the  photomultiplier 
tube  and  the  power  supplies  for  these  circuits . 

III.  Design  of  Regulators,  Potentiometer,  and  IP/  Supply 


The  usual  degenerative  regulator  has  a circuit  arrangement  us  shorn  In 
figure  7.  By  use  of  the  customary  relationship  V r efK  i it  is 

possible  to  calculate  tho  degree  of  ripple  reduction  achieved  by  r.  given  regulator. 
Referring  to  tine  labels  on  figure  7 the  following  relation'' hips  follow  1/ivreOiately. 
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The  above  relationships  assume  that  there  is  roro  p.‘  ase  shift  thvc  ughout 
tho  entire  regulator.  In  order  to  provide  a high  degree  of  regulation  the  feed  back 
amplifier  with  gain  indicated  as  -G  should  have  a largo  gain  and  at  the  rase  time 
a wide  ;-:d  width.  It  will  be  observed  from  the  above  relationship  that  the  larger 
tho  value  for  G the  better  the  .,groo  of  regulation.  Kc'iovor  a degree  of  dioinisk- 
ing  returns  is  rapidly  reached  since  in  order  to  provide  s avail  pliase-  shift  tho 
amplifier  must  have  a very  wide  band  width  and  if  at  the  s;>ue  time  the  gain  of  tho 
feed  back  amplifier  is  very  large  then  the  amplifier  itself  introduces  .prcciable 
noise  into  the  output.  The  B supply  for  the  switch- in  potentiometer  and  phototube 
regulator  amplifiers  is  of  this  variety.  Its  circuit  diagrar:  appears  in  figure  S. 
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The  quality  of  this  regulator  need  not  be  extreualy  high,  vt gulat Inj  accuracy  of 
0.1  being  entirely  adequate.  This  power  supply  uses  a bstery  etf.nd.erd  which  has 
been  found  quite  satisfactory.  No  current  is  drawn  from  the*  battery  and  no  it  Mill 
last  for  its  full  shelf  life  as  an  operating  component  of  the  regulator.  A check  of 
the  degree  of  regulation  of  the  260  volt  supply  was  made  by  connecting  together  u 
number  of  batteries  in  series  to  provide  a standard  2 SO  volt  supply  and  observing 
the  difference  between  this  supply  and  the  electronic  supply  on  the  differential 
input  of  a Tektronix  oscilloscope.  The  260  volt  electronic  supply  operated  vdth  its 
normal  load  applied.  The  input  impedance  of  the  Tektronix  oscilloscope  is  largo  enough 
that  a negligible  current  was  drawn  from  the  battery  standard.  A ripplo  with  an 
amplitude  of  .015  volts  was  observed  in  the  output,  being  mainly  60  cycle;.; . A 
considerable  portion  of  this  came  from  the  rather  long  leads  extending  from  the 
oscilloscope  to  the  regulator  and  battery  standard.  The  random  low  frequency  drift 
was  less  than  .001  volt ^ and  during  nn  observing  period  of  five  minute a there  ras 
a gradual  drift  amounting  to  .008  volts.  It  i3  apparent  that  the  degree  of  stability 
is  better  than  0.1%.  Assuming  that  the  drift  for  a five  minute  porl  cd  extend 

by  an  equal  amount  and  in  the  same  direction  for  a period  of  one  hour,  t’.:i  nould 
gire  an  over-all  drift  of  lees  than  .05 per  hour.  The  tranoconductnnce  and  ampli- 
fication factors  of  the  various  tubes  in  the  food  back  ampli  fior  i:err,  determined 
on  v.  vacuum  tube  bridge.  The  calculated  value  for  **  a was  1/300,000.  It  is 

CR 

conceivable  that  a Btill  higher  degree  of  regulation  could  ho  achieved  by  operating 
the  heaters  of  the  feed  back  amplifier  on  regulated  D.C.  It  is  necessary  to  make  a 
fairly  careful  choice  of  the  circuit  values  for  the  12AU7  stage  feeding  the  t-7-j 
regulator  tubes  to  avoid  instability  in  the  regulator.  It  will  bo  observed  that  the 
plate  currents  in  successive  stages  of  the  regulator  becore  successively  larger  and 
impedances  in  successive  stages  become  successively  loner.  Attempts  tc  uno  too 
large  load  resistors  in  the  final  stages  of  the  regulator  amplifier,  particularly 
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the  resistor  in  series  xith  the  control  grids  of  the  series  control  tuber,,  frequently 
produce  difficulties  because  of  appreciable  grid  current  drawn  by  the  coricr  control 
tubes.  At  the  same  tine  phaoe  shifts  produced  by  large  input  capacitance,  for  the 
control  tubes  can  cause  low  apparent  regulation  factors.  Wire  wound  resistors  in 
the  first  stage  of  the  control  amplifier  incurs  stability  of  component::  vrit!  tempera- 
ture. The  gain  of  the  first  stags  ie  sufficient  thkt  the  components  in  successive 
stages  need  not  have  the  extreme  performance  available  for  tiro  wound  resistors. 

Figure  10  is  a circuit  diagram  of  the  switch- in  potentiometer.  There  are 
two  supplies  for  the  regulating  amplifier  of  the  switch- in  potentiometer . One  of 
these  is  the  regulated  +260  volt  euoply  described  abova.  The  other  i^  r.  -1(50  volt 
regulated  supply  provided  by  a TO  tube.  The  function  of  the  potentiometer  has 
been  described  above.  If  it  is  to  perform  its  function  properly  the  vo’tcqo 
available  across  the  two  decade3  of  the  potentionetor  must  maintain  accurate  cali- 
bration. Moreover  if  the  potentiometer  is  to  be  uoed  to  displace  the  zero  of  the 
Brown  recorder  by  as  much  ns  ten  chart  widths  and  if  tho  recorder  is  to  be  road  to 
an  accuracy  of  0.1  % then  it  in  apparent  that  tho  calibration  of  the  switch- in 
potentiometer  voltages  must  be  accurate  to  0.01%  to  avoid  introducing  systematic 
errors.  This  accuracy  is  accomplished  by  using  two  control  loops,  filth  tho  potenti- 
ometer switches  sot  at  tho  middle  of  their  ranges  and  with  the  grid  of  the  CJ7  at 
approximately  -1.65  volts  then  the  current  flowing  through  the  6J7  i r-  very  nearly 
one  milliampere.  The  voltage  at  the  cathode  of  the  6J7  is  sampled  by  -a  resistive 
divider  network  consisting  of  a 5 megohm  and  a 1 megohm  resistor.  The  sample 
voltage  is  fed  to  one  grid  of  a 12AX7  duct* lode.  With  the  Stevens- Arnold  chopper 
disconnected  from  the  circuit  the  grid  voltage  of  the  other  half  of  tho  I2AX7  is 
maintained  at  +i-i’  volts.  This  voltage  balances  the  sample  voltsgo.  The  first 
12AX7  acts  as  a differential  amplifier  and  the  output  signal  foods  a no com!  12AX7 
which  in  turn  controls  the  grid  of  the  6J7,  completing  the  control  loop-.  In  operation 
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th8  setup  procedure  !'or  the  potentiometer  is  os  follows:  after  turning  on  the  power 
supply  approximately  twenty  minutes  is  alleged  for  warm-up  time,  thou  the  two 
ganged  potent? omoters  dividing  the  output  of  'the  first  12AX7  are  set  so  that  tho 
voltage  level  at  the  grids  of  the  second  12AX7  produce  the  proper  bias  voltage  on 
the  6J7.  The  one  microfarad  capacitor  bypassing  the  6 megohm  resistor  in  tho 
sampling  network  gives  this  network  a long  time  constant  and  consequently  a certain 
amount  of  time  is  required  to  permit  the  6J7  to  establish  its  final  operating 
voltage.  When  the  current  flowing  through  the  switch- in  potentiometer  is  properly 
set,  ths  voltage  appearing  across  tho  1018. S ohm  precision  resistor  connecting 
from  ground  to  the  lower  terminal  of  the  decades  equals  a standard  cell  volt' go. 

A thermostated  standard  ©11  is  conns 'ted  so  that  its  El, IF  subtracts  from  the  voltage 
appearing  across  this  precision  resistor.  Tilth  the  propar  current  flowing,  the 
difference  is  zero.  If  the  regulator  on-off  switch  is  now  closed  any  error  voltage 
will  appear  as  a D.C.  voltage  at  the  input  of  the  Stevens -Arnold  chopper.  This 
chopper  converts  ths  error  voltago  to  a 60  cycle  square  wavo  which  feeds  to  the 
input  grid  of  a 6AU6.  There  are  two  successive  stages  of  amplification  and  a 
cathode  follower  output.  The  A.C.  amplifier  has  a fairly  wide  band  width  to  permit 
faithful,  reproduction  of  the  60  cycle  square  wave  with  little  phase  shift.  The 
cathode  follower  has  a low  output  impedance  which  will  provide  a short  charging 
time  constant  for  the  capacitor  at  the  output  of  the  demodulating  chopper.  There  is 
a potentiometer  in  the  cathode  of  the  cathode  follower  which  permits  setting  the 
cathode  voltage,  after  adequate  warm-up  time,  to  ground  potential.  This  is  a 
necessary  feature  since  if  the  cathode  is  et  a positive  potential  with  respect 
to  ground  there  will  be  a D.C.  voltage  developed  across  tho  1/lOth  microfarad 
capacitor  since  it,  along  with  the  .22  microfarad  capacitor,  will  act  as  a capacity 
voltage  divider  at  those  instants  that  the  vibrating  reed  connects  the  tv.o  capuci 
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tors  together.  It  is  desired  to  have  zero  output  voltage  for  zero  error  voltage  at  the 
input  of  the  chopper,  her.se  the  necessity  for  setting  the  D.C.  output  level  of  the 
cathode  follower  to  ground  potential.  The  A.C.  amplifier  has  a total  gain  of  approxi- 
mately 500  and  is  exceedingly  linear  over  wide  cigna.1  ranges.  The  demodulated  output 
after  passing  through  a series  filter,  goes  directly  to  en  input  grid  of  the  12AX7 
regulator  tubs.  This  forms  the  second  regulating  loop  and  corrects  for  any  minor 
error  in  the  initial  setting  of  the  current  through  tho  6J7.  The  procedure  in 
summary  is  as  follows:  after  a twenty  minute  warm-up  time,  tho  ganged  potentiom- 
eters in  the  first  12AX7  D.C.  amplifier  stage  are  oet  so  that  the  cathode  voltage 
of  the  6J7  is  eleven  volts  positive  with  respect  to  ground.  The  potontir  .a:  ter  in 
the  cathode  of  the  6AU6  cathode  follower  is  set  no  that  the  cathode  voltage  is  at 
ground  potential.  The  regulator  on-off  switch  connecting  from  the  standard  cell 
to  the  input  of  tho  Stevens-Arnold  chopper  is  closed  permitting  the  chopper  end 
A.C.  amplifier  to  take  over  control  of  the  circuit.  With  the  thermostatic  control 
for  the  standard  cell,  the  entire  instrument  may  be  operated  at  tho  ambient  tempera- 
tures found  in  an  observatory  dome  and  has  operated  well  down  to  -20  ceivti  grade. 

The  calibration  is  maintained  independently  of  the  setting  of  either  decn.de  switch. 
The  stability  of  the  switch- in  potentiometer  was  checked  by  connecting  an  external 
standard  cell  in  such  a direction  as  to  subtract  from  tho  voltage  produced  across 
tho  1018.8  ohm  resiBtor  and  meaeuring  the  difference  on  a Brown  recording  potenti- 
ometer. Full-scale  deflection  on  the  Brown  recorder  corresponds  to  an  input  voltago 
o-f  10  millivolts.  Consequently  voltage  variations  of  in  the  output  would  pro- 
duce full-scale  deflection,  while  1 chart  unit  on  the  Brown  recorder  corresponds 
to  an  output  variation  of  0.01 7,5.  Without  the  chopper  amplifier  operating  but  after 
an  adequate  warm-up  time,  there  were  erratic  output  drifts  amounting  to  0.1^. 

Closing  the  regulate  switch  to  the  chopper  amplifier  reduced  those  erratic  drifts 
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by  a factor  of  ul  least  10.  There  were  residual  erratic  drifts,  however,  which  occasion™ 
ally  became  us  largo  tio  0.02  70*  These  were  superposed  on  a slow  average  drift  which 
was  taken  to  represent  a gradual  temperature  change  in  the  standard  cell  voltage. 

The  output  drift  is  somewhat  larger  than  was  originally  expected  and  probably  arises 
from  the  D.C.  amplifier  between  the  chopper  amplifier  and  the  6J7  control  tube.  In 
view  of  the  excellent  regulation  of  the  +260  volt  supply  it  would  probably  he  possible 
to  eliminate  this  D.C.  amplifier  altogether.  It  is  also  quite  possible  that  the  VR 
tube  contributes  appreciably  to  the  instability  of  th9  output.  It  would  undoubtedly 
bo  better  to  use  a double  capacitor  coupling  for  the  output  to  the  demodulating 
contacts,  bringing  the  common  junction  of  the  two  output  ce.ujltors  to  ground  via 
a series  resistor.  This  arrangement  would  assure  the  elimination  of  any  capacitive 
voltage  divider  effects.  It  is  found  in  practice  that  the  D.C.  voltage  level  at  the 
cathode  of  the  cathode  follower  does  very  appreciable,  over  perhaps  a volt  in  a 
period  of  several  hours. 

The  regulator  for  the  photomultiplier  supply  is  similar  in  most  respects 
to  the  regulating  amplifier  for  the  switch- in  potentiometer.  With  a few  minor 
circuit  changes  the  A.C.  amplifier  and  the  D.C.  amplifier  in  this  regulator  are 
similar  to  those  in  the  switch- in  potentiometer.  The  photomultiplier  supply,  as 
is  shorn  in  figure  11,  uses  a 6SL7  suotriode  as  the  control  tube  for  the  resistive 
bleeder  supplying  the  various  dynodes  of  the  photomultiplier.  The  +260  volt  and 
-150  volt  regulated  supplies  for  the  regulating  amplifier  are  the  same  as  those 
for  the  switch-in  potentiometer  amplifier.  The  current  to  be  regulated  in  this 
case  Is  1/1C  Mlliampere  while  for  the  switch-in  potentiometer  the  current  to  be 
regulated  was  1 milliaapere.  The  voltage  levels  for  the  photomultiplier  supply  are, 
generally  speaking,  considerably  higher  than  for  the  switch- in  potentiometer.  These 
two  faet3  have  necessitated  certain  circuit  modifications.  The  first  regulating 
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loop  utilizing  the  two  12AX7'e  has  a fairly  high  impedance  sampling  circuit.  The 
circuit  consists  of  a 100  megohm  and  a 25  megohm  high  voltage  resistor  connected  in 
series  across  the  output  of  the  high  voltage  eupply.  The  sampling  point  is  so  selected 
that  nominally  its  voltage  to  ground  is  zero.  Switch  number  1 on  figure  11  initially 
connects  the  sample  point  directly  to  ground.  This  permits  the  two  2500  volt  capaci- 
tors to  charge  to  their  proper  voltage.  If  the  sample  point  were  connected  directly 
to  the  12AX7  grid,  tho  circuit  would  behave  like  a current  integrator  which  would 
tend  to  maintain  the  6SL7  in  a cut-off  condition  for  a very  long  period  of  time. 

The  setup  procedure  for  this  circuit  is  as  follows.  After  turning  on  tho 
power  switch  there  is  a one-ninuto  delay  in  applying  high  voltage  provided  by  the 
Amperita  thermal  relay.  This  permits  the  6SL7  cathode  to  come  up  to  operating 
temperature  and  avoids  applying  a large  plate  voltage  without  the  tube  being  in  an 
operating  condition.  After  a twenty  minute  warm-up  period,  during  which  time  switch 
number  1 has  maintained  the  sample  point  at  ground  potential,  the  ganged  potenti- 
ometers dividing  tho  output  of  the  first  12AX?  are  set  so  that  the  voltage  at  the 
cathode  of  the  6SL7  is  one  volt  positive  with  respect  to  ground.  The  potentiometer 
in  tho  cathode  of  the  6AU6  cathode  follower  is  th6n  set  30  that  the  voltage  at  the 
cathode  follower  cathode  is  zero  volts  with  respect  to  ground  and  then  switch  number 
1 is  moved  so  that  the  sample  point  now  connects  to  the  grid  of  the  12AX7  regulator 
tube.  The  ganged  potentiometers  in  the  12AX7  stage  may  now  be  re-adjusted  slightly, 
if  necessary.  In  return  the  cathode  voltage  of  the  6SL7  to  one  volt  positive  with 
respect  to  ground,  and  then  swi  oh  number  2 is  closed,  inserting  the  standard  cell 
and  chopper  amplifier  in  the  regulating  circuit. 

The  bleeder  network  feeding  the  various  dynodes  is  soldered  directly  to 
the  base  p:In-3  of  the  photomultiplier.  In  general  the  photomultiplier  will  be  re- 
frigerated ih  dry  ice  which  effectively  thermostats  the  bleeder  resistors.  Since 
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the  current  drawn  from  the  photomultiplier  supply  is  very  smell,  and  since  the  voltage 
levels  ore  fairly  high,  it  is  particularly  important  that  the  filter  capacitorB  in 
the  supply  ho.ro  very  high  insulation  resistance. 

IV.  Design  of  D.C,  Amplifier 

figure  12  is  a diagram  of  the  subminiature  P.C.  amplifier.  The  amplifier 
acta  essentially  as  an  impedance  transformer.  It  is  designed  to  have  a low  output 
impedance  feodir.g  a ladder  attenuator  which  in  turn  feeds  a Brown  0-10  millivolt 
recording  poLcnllotsoter.  In  principle  it  would  be  better  not  to  have  an  attenuator 
between  the  amplifier  output  and  tho  Brown  recorder,  and  the  amplifier  should 
have  unity  voltage  gain,  thereby  maintaining  the  calibration  of  the  switch- in 
potentiometer  in  proper  relationship  to  the  voltage  sensitivity  of  the  recorder. 
However,  as  will  be  indicated  below,  the  sensitivity  of  the  present  amplifier  is 
less  than  one,  jrhilc  the  sensitivity  switch  at  the  input  is  too  coarse  to  permit 
eliminating  the  attenuator  no  a fine  sensitivity  device.  For  astronomical  observa- 
tions it  would  be  r.n  advantage  to  have  an  attenuator  which  would  give  sensitivity 
steps  corresponding  to  changes  o?  0.1  in  the  apparent  magnitude  of  stars.  For  & 
ladder  attenuator,  this  would  correspond  to  a value  for  a of  1.0965.  (see  Terman, 
"Radio  Engineers’  Handbook" , p.215).  Until  very  recently  the  balancing  mechanism 
for  recorders  has  worked  best  for  source  impedances  of,  at  the  most,  approximately 
200  ohms.  The  resistance  values  which  happened  to  be  on  hand  permitted  assembling 
an  .ittenuatcr  with  a=1.047. 

The  output  stage  of  the  D.C.  amplifier  consists  of  a doubles  bridge- 
bf lanced  circuit.  Looking  momentarily  at  one  side  of  the  bridge-balanced  amplifier 
(figure  13),  und  considering  tho  load  resistance  for  tho  moment  as  infinite  (i.e., 
there  is  no  lead  connected  from  the  cathode  of  to  T-^),  it  is  possible  to 
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analyse  the  behavior  of  the  circuit  in  the  following  terns. 

ia  ~ t±k t ^_§/ 

'/  'ff»  + /f*p  + R*  (2 +/*>+/* 3) 


& _ £ hb  + &m. 

" ~ jUmORL 


*• 


T?  ~ 


f‘  '%+(2+&,.v'A)ff}< 

yU  (assuming  identical  tubes) 


i + 


*P  + ( 2 1/U)  Rn 

The  .actual  circuit  of  course  has  a load  resistance  which  is  of  the  same  order  of 


magnitude  ns  the  cathode  resistor a.  The  behavior  of  such  a circuit  cay  Vo  analyzed 
in  the  following  manner,  assuming  all  tubes  to  be  identical,  and  assuming  ? rosistor 
Reconnected  from  the  plato  of  T2  to  the  plate  of  T^.  (Tote  the  amplifier*  actually 
has  Rl  above  the  cathode  resistors,  because  of  D,C.  requirements.  This  dances  the 


analysis  slightly)  (see  figure  13A). 


c, 


r 

~Q 


P,^  + 2 L'ff  * (/*+<)  ft*]  f Ebb  +■  /flc.  ..  £bh  +■  g f e>*  ea) /u 1 

2 Cf?u  + t ( /j  + 0 Rkj  { '('?>■(/■ +>)R«.  fti.  1-2  ['V  RkJj 

Pl. -*■  2 [/f?  +(* n)  Rk~]  f Ebb  _ Ehb  + s fg.  •*•  g-?)  'il  1 

*•(/>  + !)  l 'T'f +(/u+l) Rt<  Rl.  t J 

/?>- 1 2 L'ty  + QfrfQ  f ^ c,  - ej  7 

2-LfL  +Y>  +(/*  + •)#*  J 1 Is-  {,*  +>)  Rh  ) 
i ( a,  ~ gj  ) A 


Rl  + 'f'fi  t (jx  *■•)  Rx 

-y  (e,  - e^)  JU.  Rl  For  push-pull  input,  e-eJ=2ff;  = 
Rl  +•  + (fl+l)  Rx 


yU  f?L 

■*-(/*+->)  f?" 


lx  will  bo  observed  that  the  expressions  for  and  ig  consist  of  two  parts.  One 
part  involves  & term  arioing  directly  from  the  application  of  a signal  voltage  to 
tho  grid  of  the  tube  in  question.  The  other  expression  involves  a term  which  gives 
a common  mode  contribution  to  the  signal  current.  In  obtaining  the  difference 
between  the  two  currents,  however,  the  comncn  mode  current  cancels  out.  The  ex- 
pression for  the  gain  for  a push-pull  input  signal  is  identical  with  •'  r - .recsion 
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for  the  gain  of  a single  triode  amplifier  with  a cathode  degeneration  resistor  Rjj. 
If  the  load  resistor  has  a "airly  small  value  as  i3  true  in  this  particular  ampli- 
fier, then  the  output  tubes  should  have  fairly  low  plate  reoistance  and  fairly 
high  gn.  For  given  values  of  rp  and  R rooxinum  gain  may  be  obtained  by  making  Rjj. 

* as  small  as  possible.  With  the  low  value  of  load  resistance  used  in  the  preaont 
application,  the  problem  is  more  one  of  choosing  R^  for  good  operating  conditions 
of  the  tubes.  The  value  of  R in  this  application  is  of  the  order  of  magnitude  of 
100  ohms.  Assuming  a value  fo r^u  of  20  for  the  6BF7  and  a value  of  rn  of  4r'K  the 
gain  of  the  final  stage  is  approximately  0.04.  It  appears  possible  that  the  newer 
balancing  systems  for  recorders  for  uso  in  high  impedance  operations  will  permit  a 
considerable  increase  in  the  value  of  R . 

The  output  impedance  of  the  output  stage  is  a matter  of  poire  interest. 
Assuming  the  internal  impedance  of  the  plate  supply  to  be  aero,  the  output  im- 
pedance may  be  analyzed  in  the  following  terms: 

ff*ut  = R^~  where  * //-a  assuming 

the  input  grids  remain  at  constant  potential.  With  a feedback  connection 
from  each  side  of  R to  the  corresponding  input  grids  narked  by  Blgnals 
e^  and  eg,  via  an  amplifier  of  gain  -A  from  each  side,  the  output  reoistnne© 
becomes 


out 


fj-r  ft 

&r  + Rk 


where  ftr 


g [ 7^  + (ja  + Q R*  J 
2 +/  t fi^i 


If  JU  ■ 20,  rp  = 4000,  Rk  « 100  and  A » 1000,  then  RT  = 0.6  ohm 
It  is  important  that  the  filaments  of  the  6BF7  tubes  bo  supplied  with 
D.C.  The  supply  used  for  those  two  tubes  and  the  two  5719' s in  the  preceding  stage 
is  a C.  J,  Applegate  model  119  D.C.  filament  supply.  The  5719  stage  preceding  the 
output  stage  is  one  designed  to  have  largo  common  mode  rejection.  It  is  similar 
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to  a circuit  described  by  R.  McFcc  (E.S.I.  21.  770,  1950).  Tbs  first  is  of 

the  same  general  nature*  It  will  be  observed  that  tho  output  points  at  a given 
stags  feeding  the  grids  of  the  following  ptnga  are  at  almost  exactly  the  son©  po- 
tentials as  the  input  points  to  a given  stage.  The  CK512AX  tubes,  being  filament 
tubes,  require  a separate  floating  filament  supply. 

The  equation  for  tho  gain  of  a given  stage  ao  given  by  ITcFeo  is  (in  his 
notation)  -£t-  = vhere  ^ » ■ fJLtJkl.  A— 

This  expression  is  a courate  Tinker  the  following  circumstances*  it  assumes  perfectly 
notched  tubes  and  resistors  and  in  addition  assumes  that  voltagos  which  ere  exactly 
equal  in  magnitude  and  opposite  in  phase  are  fed  to  tho  two  input  grids.  Tinder 
these  circumstances  the  cathode  voltage  remain  a constant.  A sir.plo  approximation 
frequently  satisfied  by  practical  circuits  involves  assuming  that  tho  currents 
through  resistors  R^  and  R2  are  negligible  compered  with  the  plc*e  currents.  Under 
these  conditions  the  expressions  for  the  two  plate  OTTanta  are  (see  Fig.  14) 


£ - >*>e<  + dg+  %()  ei(fic  ) +■  £* * 

i,  _ ZdL ft  (fit*  Rh)  tJil e* to  + fa +*t  + Rk)  +£&(*££&) 

( ‘ <*  + <*e,  + R*  ±R>.)  + * *u(  fa*fa)  + RL 7 


The  sum  of  the  two  plate  currents  is  given  by  the  expression 

+ Ut,Ct+jU*e»)Rt.  + Eg,  Ur.  +*,,+  Zf?k  ) 
(*f.  +*>,)(&  ikh  + Rl  b 3 **■  ( Be.4**) 


4/. 


hence  the  voltage  across  the  combination  R.,  + R,ls 

e - 'M‘*‘ ft  - ^ *J  ■»  gq  EVjv  *** gftft] 


'rtStx  4m(<rft'b'ffa)lft+RK+  ft.)  + 2 ft  ( fit  * Rh  ) + ft.5 


e ^ * ZzL±S£h. fa  ’M.t.Ko.tWR*  Rc+2  RcR3 

^ ' Sf, *et  t trft  Rh  t ft. ) (K*Rh) t fa* 
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If  el  and  ore  referenced  to  the  bottom  of  R^  instead  of  the  top,  the 

effect  everywhere  is  to  replace  R and  R^  by  (u  + l)R0  end  0-t,  + l)E^.  In  par- 

c 

tieular,  the  expression  for  the  variational  voltage  acroso  the  coa.binoti.on  of 
Rj  and  Rj  is 

, -JLl L ("Mt*  ''**<) ft  - ft  j- 

’*'***'  1 *>.  * #«.  *■  +tn>,  +*k  + a*.)**  * [r*.  +at  )<ft  t>)  + (<%  Mifr  f-J]  ft. 

If  the  tubes  are  aesvned  to  be  identical,  and  if  us  use  the  osprcccio: ns 

e,«  +{(*.+  \) 

*a  * - •*<?.,) 

then  tho  voltage  ccrons  R^  and  Rg  is 

e _ “a£&-  — ' g ■ ) ±m( + 3 W±*eA 

~ ^ + ft  * 2('^J(*c+#h) 

The  first  term  represents  the  gain  for  a differential  input.  coIctxV:  ■:•  • the  vol- 
tage change  at  the  top  of  R?  with  rogpect  to  the  reference  node,  it  is  neceopery 

*U 

to  inolude  the  voltage  change  across 

j*8k 


eft  * (*,+  *<) 


Then  the  voltage  ehange  at  the  top  of  R9  is 


Sf>  + ft  i *(*+//)( fit +Rti) 
is 

ft 


-i'vej  g-  -j-A  /rp+h 

[ E+kJA-VM ] 

[ **)(&+ *k) IJ 


For  zero  comon  node  output, 

ft 


TTrI  (*l+***j  3 

ft  * ft 


ft 


ft  3 Rh 
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If  * R^,  then  Rl  =»  2?.jc  gives  zero  oorrmon  mode  gain. 
The  signal  across  tho  other  Rg  is  r **»  / 


/ „ a L-S-U*««J  - * ft  1 

The  voltage  difference,  uhich  is  e0,  is 

e%  * ~ ) ><  ~z~~z — 

If  » R2  and  Rt  = /rp»  then  the  gain  for  «2  « -e1  is 

The  more  goneral  case  in  which  tho  currents  through  R^  and  R^  arc  not 
negligible  is  illustrated  In  Fig.  15.  The  expressions  for  i one)  i._  arc  too 
complex  to  be  useful  in  a practical  case.  Rf  R^  53  ZR^  and  P.j_  - R2»  tho  co;.mon 
mode  gain  is  zero,  assuming  identical  tubes.  In  this  case,  the  gain  ray  be  cal- 
culated with  the  expression  given  by  McFeo,  If  the  tubes  oro  identical  and  o-,  =* 
0j,  then  the  oonmen  mode  gain  is  given  by  the  expression 

/ , x jic  jf 

-2  (/*>  * J X^* +#*+&**#*)  +(#,*  & Ufa.  *■  * fix) 


For  tho  cose  of  R^  « R2  and  Rw  = 2Rk,  tho  output  is  g'  a — — 1- e 

, , I*.  WU  ft  ^ ^ #r 

«h.re  . - ex  ■ -2  and  % - 

In  many  caseB  r.'vR'vRi,  For  such  a situation,  tho  gain  is  — «.  In  esao  an  olec- 
v 3 

trometcr  input  stage  is  of  this  variety,  there  will  ordinarily  be  a voltage  loss 


since  the  p.  of  most  electrometer  tubes  ic  loss  tlian  2.  The  second  stage  thon 
assumes  importance  eo  far  as  the  problem  of  minimising  drift  is  concerned. 

It  will  be  observed  that  this  amplifier  uses  100/5  negative  food- bach.  In 
tho  ideal  case  for  infinite  loop  gain,  the  gain  with  feed-back  would  ho  identically 

one.  The  measured  gain  is  0.733.  Using  the  usual  expression  for  gain  in  a 

- /? 

negative  feed-back  amplifier  with  a value  zer  & of  1,  g-  * --■■■" — - — Tho 

" • r ff 

apparent  loop  gain  without  feed-back  is  A = 3.61.  Since  the  gain  of  the  final 
stage  is  0,04  the  gain  product  of  the  first  two  stages  is  approximately  90.  It 
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la  apparent  that  a considerable  improvement  in  (Jperatior.  oould  be  effected  if 
tbe  gain  product  for  the  first  two  stages  oould  be  inoressod  appreciably.  Re- 
ducing the  load  resistance  at  the  amplifier  output  would  also  improve  the  situation 
considerably. 

It  is  possible  to  evaluate  the  output  impedance  of  the  entire  amplifier  with 
the  aid  of  a circuit  as  indicated  in  Figure  16*  With  a constant  input  voltage  to 
the  amplifier  the  load  across  the  output  is  varied  and  the  corresponding  output 
voltage  is  measured.  The  expression  for  the  output  voltage  ig  as  follows* 
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R + R;n 


Rearranging  this  equation  gives  the  following  fcrmi 
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It  will  Tx  oi>3orvod  that  if  R is  plotted  as  a function  of  £ , the  curve  so  gener- 

Eo 

ated  should  lx  a straight  line  with  a slope  equal  to  the  input  voltage  and  an  in- 
tercept determined  by  the  internal  resistance  of  the  amplifier.  The  experimental 
value  for  internal  impedance  is  15.3  ohms.  The  same  set  of  data  permits  determina- 
tion of  the  overall  gain  of  the  amplifier  previously  quoted  as  0.733. 

As  mentioned  previously,  a primary  function  of  the  amplifier  is  to  act  as 
an  impedance  transformer.  The  input  impedance  is  variable  in  eleven  steps  from 
about  5000  ohms  to  1600  megohms.  The  output  impedance  remains  constant.  Actually 
it  is  a current  amplifier  with  constant  voltage  sensitivity  but  ;rith  a current  sen- 
sitivity depending  upon  the  choice  of  input  resistor. 

An  important  feature  is  the  amplifier  linearity.  This  was  determined  ty 
applying  successive  Imoun  volte go  steps  and  measuring  on  the  recorder  the  corres- 
ponding deflections  produced.  A plot  of  the  differences  between  the  measured  deflec- 
tions and  corresponding  deflections  for  a perfectly  linear  amplifier  indicates 
that  the  amplifier  • a linear  to  within  Q.l£  over  the  measured  range  of  0 - 10  nv. 
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In  addition  to  the  above  features  It  la  desirable  for  the  nmpl  If lex  uO  have 
very  email  input  ourront.  Tho  CK512AX  tube  is  very  good  in  this  reBpeot.  It  was 
found  that  tho  grid  current  is  strongly  dependent  upon  the  soroen  voltage.  The 
acreon  supply  consists  of  a tvo  dooade  potentiometer  connected  -with  aseoolated  re- 
si  atoro  across  the  +260  volt  regulated  supply.  The  two  decades  permit  varying  the 
acreon  voltage  from  13.35  volts  to  15.10  volts  in  100  steps.  After  adequate  warm-up 
time  the  grid  current  is  evaluated  by  switching  tho  input  resistor  from  a low  value 
to  a largo  value  and  observing  the  change  in  output  voltage.  Adjusting  the  oor*en 
voltage  permits  reducing  tha  grid  current  to  such  n value  that  switching  the  in- 
put resistance  from  0 to  1600  megohms  produces  $ change  in  output  voltage  by  less 
then  2#  of  full  scale.  This  corresponds  to  a grid  ourront  of  approximately  10” 
eap. 

Tha  stability  problem  in  a D.C.  amplifier  frequently  ie  a vexing  one.  This 
amplifier  my  be  used  within  two  minutes  after  turning  on  the  povor  supply  voltages 
and  after  a ten  minute  worr.-up  time,  will  stay  within  5%  of  full  soale  on  tho  aero 
to  10  millivolt  recorder  indefinitely,  at  00115'buil  v ambient  temperature.  The  ran- 
dom drift  is  no  "ore  than  13  of  full  scale  and  the  average  drift  per  hour  after 
wariQ~up  of  on3  hour  is  approximately  l£  of  full  scalo.  This  corresponds  to  an 
output  drift  voltage  of  0.1  millivolt.  It  is  of  some  interest  in  this  connection 
that  the  output  drift  is  not  primarily  a function  of  grid  current.  Tho  evidence 
for  this  1b  that  the  drift  in  the  output  is  fairly  independent  of  the  input  resis- 
tance. The  drift  figures  quoted  'bovo  refer  to  an  inpit  resistance  of  1600  megohms. 
To  achieve  this  degree  ^of  stability  requires  great  care  in  thn  regulation  of  associ- 
ated voltage  supplieso 

It  will  be  observed  that  th9  D.C.  amplifier  altogether  requir3B  fivo  supplies. 
One  ie  tho  D.C.  hoator  supply  for  the  5719  and  6BF7  tubes.  The  CK512AX  tubas 
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require  a separate  floating  filament  supply.  The  plate  voltage  for  the  amplifier 
la  a floating  supply  of  140  voltB,  while  the  Bcreen  supply  has  been  described  above. 
In  addition  there  Is  a regulated  zero  control  supply  of  variable  voltage  and  re- 
versible polarity.  The  nero  control  supply  and  the  CK512AX  filament  Bupply  have 
several  features  in  common  and  may  be  described  together.  Each  uses  a selenium 
rectifier  end  a low  voltage  transformer.  Stabilization  is  effeoted  by  flooting  a 
dry  ceil  at  such  a location  that  the  supply  voltage  difference  at  those  points  equals 
the  dry  cell  voltage.  New  dry  cells  have  internal  resistances  of  no  more  than  0.1 
ohm  at  60  cycle.3  and  therefore  act  very  well  as  filters.  To  avoid  drawing  current 
from  the  stabilising  batteries  when  power  is  not  applied  to  the  circuit,  relays 
open  the  dry  coll  connections  when  power  is  off.  T!i1b  method  of  stabilization  has 
proved  very  effective.  The  stability  figure  quoted  above  was  obtained  with  a con- 
stant voltage  transformer  between  the  line  and  the  input  transformer.  There  is  an 
appreciable  drift  produced  by  ohanges  In  the  heater  voltage  for  the  6BF7  and  $719 
tubes. 


The  floating  plate  supply  for  the  D.G.  amplifier  uses  battery  standards  and 
ha 8 a circuit  diagram  ao  indicated  in  Figure  17.  It  will  be  observed  that  this 
power  suoply  uses  battery  st  andards  throughout.  The  regulation  factor  of  this 
power  supply  ray  be  described  in  term  of  the  relationship  obtained  previously 

g/7‘  - i 
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D eing  measured  values  for  11  and  for  each  tube  the  gain  from  the  input  grid  of 
the  first  6SL7  to  the  control  grid  of  the  6SIT7  series  control  tubes  is  approximately 
50,000.  The  value  for  c,  the  rat  io  of  sample  voltage  to  output  voltage^  is  0.35. 
This  gives  a calculated  value  of  ripple  voltage  without  feed-back  to  ripple  voltage 


wl th  feed-back  of  325,000.  Sines  the  loau  current  itsoif  is  small,  the  rippls 
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voltage  at  tha  output  of  the  power  supply  fiiWr-  is  fairly  small.  The  !»*»«•«£ 
value  trith  normal  load  current  was  0.2  volts.  Consequently  if  no  other  voltage 
source  arises,  the  ripple  voltage  at  tho  output  should  in  theory  be  approximately 
10  microvolts.  The  measured  amplitude  was  lQS3  than  2 millivolts,  with  some  dif- 
ficulty in  obtaining  the  measures  because  of  pickup  in  the  oscilloscope  leads. 

There  is  no  real  advantage  in  increasing  tha  gain  of  the  regulating  amplifier  unless 
the  first  tubes  in  the  regulating  amplifier  are  supplied  with  D.C.  for  their  heaters. 
In  addition,  problems  with  stray  pickup  become  very  acute. 

It  was  found  that  with  a large  capucitance  across  the  output  there  was 
still  an  appreciable  A.C.  ripple  voltage  with  respect  to  ground.  This  was  reduced 
to  approximately  3 millivolts  by  adding  two  more  capacitors  across  the  output  in 
series  and  connecting  the  series  junction  to  ground  through  a capacitor.  This 
point  may  not  bo  connected  directly  to  ground  since  the  power  supply  used  must  float 
with  rc.'jpoct  to  ground  and  have  a fairly  small  time  constant  for  changing  Its  poten- 
tial relative  to  ground. 
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FIG.  II,  PHOTOMULTIPLIER  SUPPLY 
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FIG  12,  D.C.  AMPLIFIER 
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FIG.  13  FIG  14 


